Effect of endogenous beta-hydroxybutyrate on brain glucose metabolism in fetuses of diabetic rabbits, studied by (13)C magnetic resonance spectroscopy.
The aim of our research was to uncover perturbations in in-utero fetal cerebral metabolism resulting from hyperglycemia and hyperketonemia, which occur during maternal diabetes. Therefore, we examined the effects of glucose overload and hyperketonemia on glucose metabolism in the diabetic fetal brain; more specifically, the effect of diabetes on the glucose flux via pyruvate dehydrogenase (PDH) and pyruvate carboxylase (PC) and subsequent metabolism in the fetal cerebral tricarboxylic acid (TCA) cycle were examined, as well as the effect of diabetes on energy fuel utilization in the neurons and glia. Diabetes was induced in pregnant rabbits, and towards term, [U-(13)C(6)]glucose was infused into maternal circulation, and [(13)C]glucose metabolites were subsequently studied in fetal brain extracts by (13)C MRS isotopomer analysis. Significantly elevated maternal and fetal plasma glucose levels (three- and up to fivefold, respectively) and fetal brain glucose levels (up to eightfold) accompanied by an increase of beta-hydroxybutyrate (beta-HBA) levels (approximately 20-fold) were found in the hyperketonemic diabetic animals, whereas fetal cerebral lactate levels were decreased. Alterations in the (13)C labeling patterns, mainly of glutamine, led us to suggest that the entry of beta-HBA-derived acetyl-CoA inhibits formation and entry of labeled glucose-derived acetyl-CoA into the TCA cycle, mainly in glia. Accumulation of glucose and the decrease in lactate levels in the fetal brain are most likely the result of an inhibitory effect of beta-HBA on glycolysis. In addition, loss of (13)C enrichment of TCA cycle intermediates and products, glutamate and glutamine, in the hyperketonemic diabetic fetal brain may be attributed to the effect of beta-HBA fuel utilization by the fetal brain.